Objective Consultations occur frequently in the emergency department (ED) of tertiary care centres and pose a threat for patient safety as they contribute to ED lengths of stay (LOS) and overcrowding. The aim of this study was to investigate reasons and appropriateness of consultations, and the relative impact of specialty and patient characteristics on the probability of a consultation, because this could help to improve efficiency of ED patient care.
Introduction

Background
Worldwide, consultations are commonly requested in the emergency department (ED) [1] [2] [3] and pose a threat for patient safety as they contribute to longer ED length of stay (LOS) and consequently ED overcrowding [4] [5] [6] [7] . Especially in tertiary care centres this is worrisome because a recently published systematic review indicated that the number of ED consultations in these centres is approximately twice as high compared to (sub)urban hospitals [1] . This could be explained by the presence of (sub)specialists in these tertiary care centres because, on the one hand, limited capabilities of (sub)specialists to make decisions outside their expertise forms a risk for an excessive number of consultations in the ED, leading to inefficient patient care, dissatisfaction among patients and staff and decreased cost effectiveness [4] [5] 8] . On the other hand, if patients are properly referred by general practitioner (GP) to a (sub)specialist this might limit the number of consultations because ED physicians are not needed as an extra doctors in the chain of care.
The presence of both ED physicians and other specialists in the Dutch ED setting provides a unique possibility to study the effect of specialty (ED physician versus other specialists) on the consultation process in tertiary care centers, which could facilitate the optimization of the consultation process. In most Dutch tertiary care centres, as well as in the study centre, ED physicians are responsible for self-referred patients, patients who are referred to the ED physician and all shock-room presentations, including trauma care and cardiac arrests, in which the ED physicians are the team leader. In addition, they perform a primary assessment in all patients with the Manchester triage category (MTS) orange or red [9] . Finally, ED physicians provide procedural sedation and analgesia in the ED and are responsible for ED logistics and overall safety.
Residents of the other specialties take care of patients who have been specifically referred to them by either the general practitioner (GP) or other specialists with often typical tertiary care pathology, such as complications after transplantation and hemato-oncologic disorders.
Importance
The negative effect of consultations on ED LOS and overcrowding are generally accepted [4] [5] [6] [10] [11] [12] [13] . Insight in the reasons and appropriateness of consultations is necessary to reveal which consultations can be abolished, improving efficiency of patient care by reducing ED LOS and overcrowding. In addition, assessment of the relative impact of specialty (ED physician vs other specialist) and patient characteristics, on the probability of a consultation, will provide insight in the efficiency of how patient care is divided over ED physicians and (sub)specialists. For example, if ED physicians always have to consult another specialty due to lack of expertise, they are a redundant doctor in the chain of care. In this case, efficiency would be better if patients would have been directly referred to other (sub)specialists. A prediction model in which specialty and patient characteristics are incorporated has the additional benefit to be used to facilitate consultation in an early stage after ED presentation, also contributing to reduction of ED LOS and overcrowding.
Objectives
The aim of this study is therefore two-fold: Firstly, to investigate the number, reasons and appropriateness of ED consultations. Secondly, to assess the relative contribution of specialty (ED physician vs other specialty) compared to patient characteristics on the probability of a consultation.
Methods
Study design and setting
This was a prospective observational cohort study in the ED of the Leiden University Medical Center (LUMC), a Dutch tertiary care centre with~30.000 ED visits annually, between December 16 2014 and February 11 2015.
In the LUMC, the ED is staffed 24/7 by ED physicians, who supervise an emergency medicine resident and/or a physician assistant, and by residents of other specialties.
The study was approved by the medical ethics committee of the LUMC, who waived the need for individual informed consent because of the purely observational character of the study.
Selection of participants
All consecutive patients presenting to the ED between 10 a.m. and 10 p.m. were included during 30 randomly chosen days, including weekends, over a 6 weeks period. Retrospective data indicated that approximately 70% of all patients per 24 hours visit the ED in the aforementioned time period. Importantly, a previous study showed that this way of sampling does not introduce selection bias [14] .
Data collection
Demographics, comorbidities, type of arrival (by ambulance or ambulatory), referral status, MTS category [9] , presenting complaint according to the MTS, time of departure and final disposition were prospectively recorded by an observer in a standard data collection form in SPSS (SPSS, V.20.0, IBM, New York, USA). The treating physician was recorded as ED physician or other specialist. Consultation status was recorded as no consultation, consultation or multidisciplinary resuscitation. The ED length of stay was calculated by subtracting the ED registration time, as registered in the digital hospital information system (Chipsoft, Amsterdam), from the time that the patient physically left the ED.
Comorbidities were quantified according to the Charlson comorbidity index (CCI) [15] [16] and categorized as "low" if the index was below four or "high" if the index was four or higher.
In case of one or multiple consultations the number of consultation(s), consultation reason (s), consulted specialty(ies) and requesting specialist(s) were registered by the observer. The consulting physician was asked to clarify the consultation reason before the consulted physician reported his or hers conclusion back to the consulting physician. If a consultation took place after 10 p.m. this consultation was considered as a missing.
Finally, in all patients it was assessed if they had an unanticipated revisit within 48 hours with a complaint related to the primary visit [7] .
All patient records were de-identified and analysed anonymously.
Primary outcome measures
The primary outcome of the present study was appropriate consultation which is defined below. Definitions. A consultation was defined as a situation in which one physician requested the professional opinion of another specialty for one or more of the following reasons. Reasons for mandatory consultation:
• 'presumed need for admission to ward'
• 'presumed need for intensive care unit (ICU) admission'
• 'presumed need for outpatient follow-up'
• 'pre-existing agreement' (e.g. in case of head trauma with a CT scan indication it was obliged for the ED physician to consult a neurologist) or
• 'procedure for which a specific expertise is needed', in which the requested procedure must be performed outside the ED (e.g. operation).
Reasons for consultations which are not mandatory:
• 'exclusion of a specific diagnosis.' For example, in patients with chest pain, an ED physician consults the cardiologist with the request to rule out acute coronary syndrome / unstable angina pectoris by admitting the patient and follow cardiac enzymes and perform an exercise test or imaging.
• 'procedure for which a specific expertise is needed', in which the requested procedure is performed in the ED (e.g. fiber endoscopy).
or
• 'other'
Consultations were performed by residents supervised by a staff member. Residents and physician assistants in emergency medicine were directly supervised by the ED physician, who was physically present 24/7 in the ED. In contrast, residents of other specialties were mostly supervised over the telephone, as staff members were mostly not physically present in the ED.
Radiology requests for specific diagnostic procedures, for example the request of an ultrasound, were not considered as consultations [2] .
A consultation was defined as appropriate if the consult reason corresponded with the final advice, conclusion or policy of the consulted specialty.
Consultations were stratified in 'mandatory' and 'none mandatory' consultations for several reasons:
3. The appropriateness of a consultation between mandatory and none mandatory consultation may differ, potentially affecting the relative contribution of specialty compared to patient characteristics on consultation.
Data analysis
Continuous data were presented as mean (standard deviation: SD) if normally distributed, and as median (interquartile range: IQR) if skewed. Categorical data were presented as number (%). Continuous data were compared using student t-tests or Mann-Whitney U-tests, as appropriate. Descriptive categorical data were analyzed using chi-square tests or Fisher's exact tests, as appropriate. Multivariable binary logistic regression analysis was used to identify independent predictors of consultation. The variables age, triage category and arrival by ambulance were forced into the model because a previous study had found that these were potential predictors of consultation [2] . Furthermore, the variable 'treating physician' was forced into model because we were specifically interested in the relative impact of specialty (ED physician versus other specialists) on the probability of a consultation. To identify additional potential predictors, forward entry of variables with a P-value <0.2 in the univariate analysis was used.
To prevent overfitting, the rule of thumb was taken into account that at least 10 events were needed per predictor variable used in the model. The prognostic and discriminative performance of the model was quantified by c-statistics with an area under the curve (AUC) analysis and the Hosmer-Lemeshow test, respectively. The odds ratios (OR) with 95% confidence intervals (95% CI) were reported. P-values below 0.05 were considered to be significant.
All data were analyzed with SPSS (V.20.0, IBM, New York, USA). Sensitivity analysis. To assess collinearity, variance inflation factors (VIFs) were assessed in advance of the multivariable analysis. A VIF of 3 or higher was considered to indicate collinearity. To confirm the absence collinearity between the variable 'arrival by ambulance' and 'triage category', two additional multivariable analyses were performed. The first analysis included the variable 'arrival by ambulance', while the variable 'triage category' was excluded, while the second analysis included the variable 'triage category' and excluded the variable 'arrival by ambulance'. A similar analysis was performed to confirm the absence collinearity between the variable 'treating physician' and 'triage category'.
Results
Patient characteristics
Of the 2050 patients visiting the ED during the study period, 1434 (70%) visited during the inclusion hours from 10 a.m. until 10 p.m. An overview of the patient flow is provided in Fig 1. Patient characteristics are shown in Table 1 and S1 Table. In S2 Table, in which the total population was stratified according to treating physician, it is shown that ED physicians and other specialties treated different patient populations. ED physicians treated 715 (50% (47 to 52%)) of the 1434 patients, of which 91 (13% (10 to 15%)) received multidisciplinary resuscitation in the shock-room. Patients treated by the ED physician more often were self-referred (59 versus 6%) and more often arrived by ambulance (42 versus 26%). Furthermore, they were more often triaged 'red' (5 versus 0%) or 'green' (30 versus 18%) and had a lower CCI (0.64 versus 1.42). Twenty-three (2% (1 to 4%) patients had an unanticipated revisit within 48 hours, with no difference as to whether they had received a consultation or not (P = 0.228). Ten of these 23 patients were treated by the ED physicians and 13 by other specialists (P = 0.538).
Frequency, reasons and appropriateness of consultations
Prospective assessment of frequency, reasons and appropriateness of consultations was necessary to investigate if there were consultations which could potentially be abolished, improving efficiency of ED patient care.
Another specialty was consulted in 344 (24% (22 to 26%)) of the 1434 ED patients. The number of consultations was highest in patients treated by the ED physicians (31 versus 17%). In 22 (3% (2 to 4%)) of the 715 patients treated by the ED physicians two or more other specialties were consulted, compared to 19 (3% (1 to 4%)) of the 718 patients treated by the other specialists (P = 0.888). This led to a total of 388 requested consultations. In 30 (8%, 5% to 10%) consultations, the reason of consultation was missing, as these consultation were requested after 10 p.m. The overall appropriateness of consultations was 85% (80 to 90%) for the ED physicians and 81% (74 to 88%) for the other specialists (P = 0.949). Patients treated by the ED physician are depicted in white, and those treated by the other specialties in grey. The boxes with dashed lines present patients that received no consultation or multidisciplinary approach. When the lines are closed, patients received one or multiple consultations. One patient was admitted to the ward without being treated by any physician. In 1 patients the final disposition was unknown. Six patients had another final disposition as depicted, of whom 5 had died on the ED and 1 returned to the psychiatric hospital were the patient was admitted before arrival at the ED. Patient characteristics are presented for the total population, patients who received no consultations and patients who received one or multiple consultations. Continuous data are presented as mean (SD) or median (IQR) and categorical data as frequency (%). The number of missing cases are noted between square brackets for each variable. Revisits 48 hours includes only patients that revisited the ED unanticipated with a complaint related to the index visit. * A total of 91 patients received multidisciplinary resuscitation in the shock-room. These patients were not counted in the columns 'no consultations' and 'consultation, therefore the numbers in the columns do not always add up to the number in the 'total' column.
** Patients with a CCI of 3 were classified as low and those with a CCI 4 as high.
# The presented 'triage category' was according to the Manchester Triage System (MTS). ## Of the 6 patients with another final disposition, 5 patients died on the ED and 1 patients returned to the psychiatric hospital were the patient was admitted before arrival at the ED. Mandatory consultations. In Table 2 the reasons and the number of appropriate and inappropriate mandatory consultations of ED physicians and other specialties are shown to get insight in the number of consultations which may be unnecessary. S3 Table provides the patients characteristics of these 169 patients.
In 169 (12% (10 to 13%)) of the 1434 patients a consultation of another specialty was mandatory. ED physicians more often requested mandatory consultations compared to other specialists (17 versus 6%). In 11 patients multiple mandatory consultation were requested. Thus, 180 (46% (41 to 51%)) of the 388 consultations were mandatory, in 86% for an appropriate reason.
The reasons 'presumed need for admission to ward', 'presumed need for outpatient followup' and 'procedure for which a specific expertise is needed' were the most common reasons for a mandatory consultation, and were mostly requested by ED physicians.
Consultations for 'presumed need for ICU admission' was adequate in 100% (3 of 3) of patients treated by the ED physician and in 50% (8 of 16) of the patients treated by the other specialists (P = 0.228).
None mandatory consultations. In 155 (11% (9 to 12%)) of 1434 patients the requested consultation was not mandatory. Patients characteristics of these 155 patients are shown in S3 Table. ED physicians and other specialist performed a similar number of none mandatory consultations (12 versus 9%, P = 0.047). In 7 patients multiple consultations for none mandatory reasons were requested. Sixteen patients received a mandatory and none mandatory consultation. This led to 178 (46% (41 to 51%)) of the 388 consultations being requested for a none mandatory reasons. The reasons and the number of appropriate and inappropriate none mandatory consultations is given in Table 3 . The appropriateness of none mandatory consultations was 80% (73 to 88%) for the ED physicians and 81% (73 to 90%) for the other specialists (P = 0.857). ED physicians only consulted another specialty more often for the none mandatory consultations 'procedure for which a specific expertise is needed' in which the procedure was performed in the ED (4 versus 2%, P = 0.016). This was appropriate in 30 (97%, 91 to 103%) of the 31 consultations.
Impact of specialty and patient characteristics on the probability of a consultation
Assessment of the relative impact of specialty (ED physician vs other specialist) and patient characteristics, on the probability of a consultation, provides insight in the efficiency of how patient care is divided over ED physicians and (sub)specialists. A prediction model in which specialty and patient characteristics are incorporated can also be used to facilitate consultation in an early stage after ED presentation. In Table 4 it is shown that treating physician (OR 5.56 (3.99 to 7.76)) and triage category (OR 3.07 (1.91 to 4.95)) are the most important independent predictors. The Hosmer-Lemeshow goodness of fit test had a p-value of 0.229 and the AUC was 0.786 (0.757 to 0.814).
If mandatory consultations were excluded the corrected OR for consultation by the ED physician decreased to 4.62 (3.01 to 7.10), The Hosmer-Lemeshow goodness of fit test of this second model had a p-value of 0.275 and the AUC was 0.769 (0.729 to 0.809).
Sensitivity analysis. The multicollinearity analysis indicated that there was no collinearity between any of the potential predicting variables. S4 Table provides the variance inflation factors for the potential predicting variables. In addition, no significant change in the final model was seen when either the variable 'arrival by ambulance' or 'triage category' was removed. Therefore, both variables were included in the final analysis (data not shown). Furthermore, The number of appropriate and inappropriate none mandatory consultations requested by ED physicians and by other specialists. Data are presented as frequency (%).The percentages in the appropriate and inappropriate columns presents the appropriateness of the consultations requested for that specific reason by that specific specialty. The percentages in the total consultation column presents the percentage of obliged consultation requested for that specific reason. Of the 9 patients with an inappropriate consultation none returned within 30 days with a major adverse cardiovascular event.
Abbreviations: ACS, Acute coronary syndrome; ED, Emergency department; ICD, Implantable cardioverter defibrillator.
doi:10.1371/journal.pone.0149079.t003
the removal of the variable 'treating physician' or 'triage category' showed no significant change in the final model (data not shown).
Discussion
The main finding of this study was that in the ED of a Dutch tertiary care centre, ED physicians and other specialists consult another specialty in only 24% of the patients, mostly for an appropriate reason. The impact of consultations on ED LOS could be reduced if mandatory consultations are abolished and predictors of a consultation are used to facilitate timely consultation. The ED consultation rate of 24% in the present study was lower than the previously reported consultation rates of~40% [1] [2] [3] . In the Dutch health care system the GP has an important role as gatekeeper for many patients visiting the ED [17] . The observation that Multivariable binary logistic regression analysis was performed with forward entry of potential variables with P<0.2 in the univariate analysis (Table 1) 'limited expertise' was the reason for consultation in only 7% of all patients treated by ED physicians and in 2% of patients treated by other specialists indicates that GPs refer patients adequately to either the ED physician or another (sub)specialist. We hypothesize that this explains the higher consultation efficiency in the Dutch health care system compared to other health care systems in which the role of the GP is smaller and primary care is often delivered in the ED.
To the best of our knowledge, the present study is the first to prospectively investigate the reasons and appropriateness of consultations, while insight in the reasons and appropriateness of consultations helps to understand if and how the number of consultations can be reduced. It was found that in most cases physicians appropriately consult another specialty. Correspondent to previous studies we found that the reason 'presumed need for admission' was the most common reason for consultation by ED physicians [1, 5] . This can be explained by the fact that, in the Dutch health care system, the ED physicians are obligated to consult another specialty if the patients need hospitalization. However, the necessity of mandatory consultations is questionable given the high level of appropriateness. Especially if the negative effect of consultations on the ED LOS and overcrowding, which is associated with a decrease in quality of care, patient safety and survival [10] [11] [12] [13] is considered.
ED physicians requested a similar number of consultations for none mandatory reasons as other specialists. Only the number of none mandatory consultations by ED physicians for the reason 'procedure for which a specific expertise is needed' was slightly larger, which is explained by the fact that ED physicians treat more self-referred patients with undifferentiated complaints. In addition, patients who were referred to the ED physician were more likely to present with an undifferentiated complaint, while patients with a differentiated complaint were more likely to be referred to other specialties. Therefore "ED physician" was still an independent predictor of a consultation, even when the mandatory consultations were excluded.
The impact of consultations on ED LOS could be reduced if mandatory consultations by ED physicians for hospital admission and outpatient follow-up are abolished. The high level of appropriateness in combination with the low level of 'lack of expertise' and 'unanticipated revisits', indicates that this is feasible.
Facilitation of timely consultation, i.e. early after triage, would be another way to reduce the impact of consultation on ED LOS. Our prediction model for consultations would be valuable because it could reduce the delay of requesting a consultation. In a Canadian study by Wood et al., ED patients in whom another specialty was consulted were older, had higher acuity presentations and arrived more often by ambulance compared to patients receiving no consultation [2] . Similar patient characteristics were independent predictors of consultations in the present study, suggesting that these are universal among different health care systems.
Limitations
Although this study has several strengths, like the prospective design, real-time assessment of appropriateness of consultations and the direct comparison of the effect of specialty (ED physician versus other specialist) on consultations, it has also several weaknesses.
Firstly, this study was performed in the ED of a tertiary care centre, limiting generalizability to urban hospitals. However, a recent published systematic review reported that number of consultations was highest in tertiary care centres [1] . This indicates that these centres form an important setting for studying ED consultations. Although the ED setting in which this study was performed, with ED physicians and other specialties both treating ED patients, might be unique to the Dutch health care system, it allowed direct comparison of the effect of specialty on consultations.
Secondly, patients were only included between 10 a.m. and 10 p.m., possibly introducing selection bias. However, pilot data (not shown), including all consecutive ED patients during 72 hours, indicated no differences between patients who visited the ED between 10 a.m. and 10 p.m. and patients visiting outside these hours. In addition, Valley et al. showed that by use of a similar inclusion method, differences between the included cohort and total cohort were small and clinically not relevant [14] .
Finally, the relative small patient volume of our ED possibly contributes to the short ED LOS compared to larger tertiary care EDs. Therefore, this study might underestimate the absolute impact of consultation upon ED LOS. Furthermore, the impact might be underestimated by including only patients from 10 a.m. to 10 p.m. During night hours most hospital ancillary services, such as laboratory testing and radiology, are short staffed, delaying results required by the consultant for their final recommendations. Additional delay might be caused by less available supervision by staff member during night hours. However, even with the relatively small patient volume and inclusion hours, consultation caused a 55% increase in ED length of stay.
Conclusion
In a Dutch tertiary care ED staffed by both ED physicians and other specialists, consultations rates are relatively low, and mostly requested for an appropriate reason. The impact of consultations on ED LOS could be reduced if mandatory consultations for hospital admission or outpatient follow-up is abolished. Future studies should investigate if the impact of consultations on ED LOS can be reduced by of our prediction model. 
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